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[57] ABSTRACT 

Deep curable polymers having heterocyclic ring sys- 
tems such as isoindoloquinazolinedione ring systems 
prepared from novel cyanoimide polymers, most desir- 
ably 2'-cyanoimide polymers. Preferably the cyanoi- 
mide polymers are prepared from a diamine having at 
least one nitrile group in the two position to an amine 
group and a dianhydride having at least two cyclic 
anhydride groups. Copolymers may be prepared having 
other linkages, notably imide linkages, in addition to 
isoindoloquinazolinedione ring systems and/or other 
similar heterocyclic ring systems. The copolymers can 
be prepared by use of diamines containing one or more 
cyanoimide groupings and/or imide groups in their 
structure. 
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The cured polymer containing heterocyclic ring sys- 
tems of the present invention can also be prepared from 
various other cyanoimide polymers. Illustrations of 25 
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alternatives are as follows: . 
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A common feature of these cyanoimide polymers is that 
they contain an imide ring of either five or six members 
and a nitnle group attached to a carbon atom in the two 
position of the group attached to the nitrogen atom of 
the imide ring. 

For purposes of the present description, 1 use the 
term “isoindoloquinazolinedione ring systems” to 
broadly embrace isoindoloquinazolinedione ring sys- 
tems and mutant isoindoloquinazolinedione ring sys- 
tems. Strictly speaking, the isoindoloquinazolinedione 
ring system refers to an aromatic heterocyclic ring sys- 
tem having one five membered imide ring, two benzene 
rings, and another six membered ring as illustrated by 
(I) above, or the isomeric structure as illustrated by (II) 
above. Polymers containing this ring system can be 
obtained by cyclicizing polymers containing 2'-cyanoi- 
mide linkages as illustrated by (III) above. The present 
invention contemplates polymers having heterocyclic 
ring systems having six membered imide rings in place 
of the five membered imide rings, and/or aliphatic, 
cycloaliphatic, heterocyclic or different aromatic struc- 
tures, or a combination of these structures, in place of 
one or both of the benzene rings. Examples of such 
mutant isoindoloquinazolinedione ring systems which 
may be prepared from cyanoimide precursors are illus- 
trated by (A) through (D) above. 

The nitrile-imide (or cyanoimide) polymers can be 
prepared in any suitable way. One method of prepara- 
tion is by reacting a diamine, having at least one nitrile 



group in the two position (i.e. ortho or beta) to an amine 
group, with a dianhydride or its equivalent, preferably 
in substantially stoichiometric amounts. The initial reac- 
tion is preferably carried; out in a selected solvent as set 
forth above. The reactants form a soluble cyano-amide- 5 
acid polymer. The cyaho-amide-acid polymer is there- 
after heated, preferably to about 150° C., to condense to 
a cyanoimide polymer. 

The cyanoimide polymer is then cured by heating, 
preferably to between 300° C. and 400° C. for about 2 to 10 
4 hours, to cause substantial cyclization to a polymer 
containing heterocyclic ring systems. Alternatively, the 
condensation and curing can be conducted concur- 
rently. No volatile by-product is formed during the final 
cure. It is believed however that the presence of at least 15 
a trace amount of water is needed to effectuate the final 
cure and cause cyclization to the condensed heterocy- 
clic ring systems. 

The final curing temperatures and times can be 
greatly modified by the use of catalyst systems. For 20 
example, a combination of a peroxide such as hydrogen 
peroxide, benzoyl peroxide, tertiary-butyl perbenzoate, 
dicumyl peroxide, or methyl ethyl ketone peroxide, and 
a base such as sodium hydroxide, potassium hydroxide, 
sodium hydride, benzyltrimethylammonium hydroxide, 25 
sodium methoxide, or aluminum isopropoxide may be 
added as a catalyst system. A combination of hydrogen 
peroxide and potassium hydroxide has been found use- 
ful. Alternatively, acid catalysts such as boron trifluo- 
ride complexes and hydrogen chloride may be useful. 30 

The diamine used in the present invention is prefera- 
bly an ortho (or beta)-cyanodiamine. Examples of ortho 
(or beta)-cyanodiamines known or contemplated to be 
particularly suitable are: 2,4-diaminobenzonitrile, 2,5- 
diaminobenzonitrile, 3,3'-diamino-4,4'-dicyano-biphe- 35 
nyl, hydroquinone bis-(p-amino-m-cyanophenyl) ether, 
3,3'-diamino-4,4'-dicyano diphenyl ether, 3,4- 
diaminoadiponitrile, l,4-diamino-2,5-dicyanocyclohex- 
ane, 2,5-diamino-4-cyano-pyridine and 2,6-diamino-3,7- 
dicyanoacridine. Other specific cyano-diamines which 40 
may be used are N-(o-cyano-p-aminophenyl)-4- 
aminophthalimide and N,N-bis(p-amino-o-cyano- 
phenyl)pyromelIitic diimide. 

Any dianhydride containing two cyclic anhydride 
groups is suitable for use in the present invention. Both 45 
five and six membered anhydride rings are useful. Dian- 
hydrides known or contemplated to be particularly 
suitable are: 1,2,4,5-benzenetetracarboxylic dianhydride 
(PMDA), 3,4,3',4'-benzophenonetetrac2irboxylic dian- 
hydride (BTDA), 2,3,6,7-naphthalene tetracarboxylic 50 
dianhydride, 1,2,5,6-naphthalene tetracarboxylic dian- 
hydride, 1,8,4,5-naphthalene tetracarboxylic dianhy- 
dride, 3,4,3',4'-biphenyl tetracarboxylic dianhydride, 
2,3,2',3'-biphenyl tetracarboxylic dianhydride, bis-(3,4- 
dicarboxyphenyl)methane dianhydride, 2,2-bis-(3,4- 55 
dicarboxyphenyl)propanedianhydride, 1,2,3,4-cyclo- 
pentane tetracarboxylic dianhydride, tetrahydrofurane- 
2,3,4,5-tetracarboxylic dianhydride, 1,2,5,6-hexane tet- 
racarboxylic dianhydride, bis-(3,4-dicarboxyphenyl)sul- 
fone dianhydride, bis-(3,4-dicarboxyphenyl)ether dian- 60 
hydride, and mellophanic dianhydride. Other equiva- 
lent compounds may be substituted in whole or in part 
for the dianhydrides. Especially useful compounds of 
this class are those containing two ortho-chlorocarbo- 
nyl ester groupings, or one such grouping and one an- 65 
hydride group. Examples are: 2,5-bis(cafbomethoxy) 
terephthaloyl chloride, 4,6-bis(carbobutoxy)isophthal- 
oyl chloride, 4,4'-bis(carboethoxy)-3,3'-benzo- 
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phenonedicarbonyl chloride, 1, 8,4,5 naphthalene tet- 
racarboxylic-l,8-anhydride-dimethyl ester-5-acid chlo- 
ride. Other halogens can be substituted for the chlorine 
in these compounds. 

Illustrative of the reaction mechanism involved in 
one aspect of the invention in a non-polymeric system is 
the reaction mechanism in the synthesis of isoindolo 
[2,l-a]quinazoline-5,l 1-dione: 
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A solution of sublimed phthalic anhydride in ethyl 
acetate is reacted with a solution of anthranilonitrile in 
ethyl acetate to form 2'-cyanophthalanilic acid. The 
2'-cyanophthalanilic acid is then boiled with acetic an- 
hydride to convert the acid to 2'-cyanophthalanil. The 
2'-cyanophthalanil is thereafter boiled in a mixture con- 
taining 2% potassium hydroxide and 2.4% hydrogen 
peroxide, cooled and neutralized with hydrochloric 
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acid to cyclicize it and form isoindolo [2,l-a]quinazo- 
line-5,1 1-dione. A similar procedure is set forth by Bog- 
ert and Hand, 24 J. Am. Chem. Soc., 1031 (1902) for 
preparing 2-methyl-4-ketodihydroquinazoline from N- 
acetylanthranilonitrile. 5 

Various linkages other than isoindoloquinazolined- 
ione and similar heterocyclic ring systems can be incor- 
porated into the polymer chains. This can be accom- 
plished by mixing other difunctional and/or polyfunc- 
tional compoimds containing the desired linkage or a lo 
precursor thereof into the polyamide-acid solution, or 
by using a diamine and/or dianhydride containing the 
desired linkage. Various suitable vinyl compounds, 
polyols, polyacids, polyamines, polyesters, polyure- 
thanes, epoxides and the like will occur to those skilled 
in the art. Similarly, other polymeric systems can be 
admixed with the cyanoimide polymers by incorpora- 
tion into the polyamide-acid solution. 

Copolymers that are particularly desirable are those 
containing both isoindoloquinazolinedione ring systems 
and imide linkages. For example a polymer containing 
the following repeating unit can be prepared from 2,4- 
diaminobenzonitrile and 1,2,4,5-benzenetetracarboxylic 
dianhydride: 

o 
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tions such as trimellitoyl anhydride chloride, tri- 
mellitic anhydride, 2-(methoxycarbonyl) tereph- 
thaloyl chloride, or 4-(ethoxycarbonyl)isophthal- 
oyl chloride to form amide and imide linkages. 

(d) di-isocyanate such as 4,4' diphenyl methane diiso- 
cyanate to form urea linkages. 

Accordingly the present invention provides a route 
to the obtention of deep section cured polymers having 
isoindoloquinazolinedione ring systems and/or similar 
heterocyclic ring systems in combination with other 
linkages and/or polymeric systems. Such ring systems 
provide excellent thermal as well as oxidative stability 
as well as adding tremendous chain stiffening. 

Other details, objects and advantages of my invention 
will be apparent from the following nonlimiting exam- 
ples. 

Examples I to VI are addressed to the preparation of 
diaminonitriles which are known or contemplated to be 
particularly useful. Examples VII-XII are addressed to 
the preparation of the polymers from a dianhydride or 
the like and a diaminonitrile known or contemplated to 
be particularly useful. 

EXAMPLE I: Preparation of 2,4-Diaminobenzonitrile. 

2,4-diaminobenzonitrile was prepared as follows: 



Similarly, polymers containing both isoindoloquin- 35 
zaolinedione rings and imide linkages can be prepared 
by use of diamines containing one or more cyano-imide 
groupings in their structure. Examples are: 4-amino-N- 
(2-cyano-4'-aminophenyl)phthalimide; N,N'-(2-cyano- 
4-aminophenyl)pyromellitimide; N,N'-(2-cyano-4- 40 
aminophenyl)-3,3',4,4'-benzophenonetetracarboxylic 
diimide; and 4,4'-dicyano-3,3'-bis(4-aminophthalimido)- 
biphenyl. Alternatively, precursor amide-acid groups 
can be substituted in each case for the corresponding 
imide. In the first example this would be 4(or 5), 4’- 45 
diamino-2-carboxy-2'-cyanobenzanilide. An advantage 
of this method of preparation is that the imino groups 
are not deactivated by ortho nitrile groups. Conse- 
quently, high molecular weight resins are readily ob- 
tained by condensation with a dianhydride or an equiva- 50 
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2,4-dinitrobenzonitrile 


lent. CN 

Polymers of several types can be made from the 
cyanoimide diamines and dianhydrides. In each case 
one or more cyano-imide groupings are present and can 
be cured to cause cyclization to the isoindoloquinazo- 55 
linedione ring systems. In addition to the imide-cyano 
groupings and imide linkages other linkages or combi- 
nations can be produced. For example, it is contem- 
plated that the cyanoimide diamine can be reacted with: 2,4-dinitrobenzonitrile was prepared from 2,4-dini- 

(a) an aromatic dianhydride, such as PMDA, or a 60 trobenzoic acid and benzenesulfonamide by the method 

diester diacyl chloride, such as 2,5-bis-(methox- of Oxley, Partridge, Robson and Short, J. Chem. Soc., 

ycarbonyl)terephthaloyl chloride, to form addi- 1946, 763. The product was purified by chromatogra- 

tional imide linkages. phy on alumina, using tetrahydrofuran as a solvent: 

(b) a diacyl chloride such as isophthaloyl chloride or yield, 56%; m.p. 102° C. 

a diester such as diethyl or diphenyl terephthalate 65 A solution of 74.6 g. of stannous chloride dihydrate, 
to form amide linkages. 75 ml. concentrated HCl, and 150 ml. ethanol was 

(c) a compound containing one isolated carboxylic cooled in an ice bath and stirred while adding 9.66 g. 

function and one adjacent pair of carboxylic func- (0.05 mole) of powdered 2,4-dinitrobenzonitrile at a rate 
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that maintained a temperature of 25°-30° C. The result- 
ing yellow solution was held at 40' C. for 90 minutes 
while a stream of nitrogen was blown over the surface 
to evaporate most ot the ethanol. The residue was a 
yellow slurry, which was cooled in an ice bath and 
stirred while a solution of 70 g. NaOH in 280 g. of water 
was added slowly. The mixture was then filtered. The 
filtrate was extracted four times with ethyl acetate and 
the extract evaporated to dryness. The residue was 
combined with the solids from the filtration, and the 
mixture was extracted with four ISO mi. portions of 
boiling benzene. The benzene solution was evaporated 
to dryness to give 4.75 g. of crude product, which was 
recrystallized from benzene to give 4.67 g. (70% yield) 
of pure 2,4-diaminobenzonitrile, m.p. 105° C. Anal. 
Calculated for C 7 H 7 N 3 : C, 63.19; H, 5.30; N, 31.56. 
Found: C, 62.54, 62.67; H, 5.24, 5.09; N, 31.32, 31.10. 

EXAMPLE II: Preparation of 3,3'-Diamino-4,4' 
dicyanobiphenyl. 

3,3'-diamino-4,4'-dicyanobiphenyl was prepared as 
follows: 
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4,4'Hlicyano-3,3' dinitro- 
biphenyl 


added slowly with cooling (30° C.). The resulting solu- 
tion was added slowly to a stirred solution of 5.9 g. (0.12 
mole) of sodium cyanide, 4.48 g. (0.05 mole) of cuprous 
cyanide, 32 g. (0.8 mole) of sodium hydroxide and 160 
ml. of water, A mildly exothermic reaction occurred, 
with liberation of nitrogen and a final temperature of 
38° C. The mixture was stirred at 40°-60° C. for 30 
minutes, let stand overnight at room temperature, and 
filtered. The solid product was washed with water and 
dried at 1 10° C. under vacuum to give 4.6 g. of black 
powder. 

A 1.00 g. sample of the black powder was extracted 
with three 20 ml. portions of boiling xylene. The ex- 
tracts yielded 0.36 g. of yellow powder, which was 
further purified by column chromatography. In a typi- 
cal run a 0.20 g. sample of the yellow powder was dis- 
solved in 15 ml. of tetrahydrofuran and applied to a 
colunm of neutral alumina. Additional tetrahydrofuran 
was used to elute the column. A 20 ml. middle fraction 
was evaporated to dryness to give 0. 1 8 g. of 3,3'-dinitro- 
4,4'-dicyanobiphenyl as a yellow powder, m.p. 246° C. 
Anal. Calculated for Ci 4 HeN 404 : C, 57.15; H, 2.06; N, 
19.04; O, 21.75. Found: C, 57.20, 57.35; H, 2.37, 2.36; N, 
17.83, 17.92; O, 22.77, 22.59. The infrared spectrum had 
str absorption bands at 2230 (nitrile), 1531 (nitro) and 1 
(nitro) cm-'. 

The 3,3'-diamino-4,4'-dicyanobiphenyl was prepared 
by dissolving 4,4'-dicyano-3,3’-dinitrobiphenyl (1.14 g., 
0.0039 mole) in 200 ml. of tetrahydrofuran and hydroge- 
nating in a Parr shaker at 55 psi and 70° C. for one hour, 
using 0.5 g. of 5% Pd-on-C catalyst. The catalyst was 
filtered off, and the filtrate was evaporated to dryness to 
give 1.07 g. of yellow powder. A 0.20 sample of the 
product was dissolved in 10 ml. of tetrahydrofuran and 
applied to a colunm of neutral alumina. The column was 
eluted with absolute ethanol to give a fraction which 
was evaporated to dryness and baked at 75° C. in vac- 
uum to give 0.08 g. of 3,3'-diamino-4,4'-dicyanobiphe- 
nyl as a yellow powder, m.p. 243° C. Anal. Calculated 
for C14H10N4: C, 71.78; H, 4.31; N, 23.92. Found: C, 
71.65, 71.48; H, 4.28, 4.38; N, 22.65, 22.60. 

EXAMPLE III: Preparation of 
3,3'-Diamino-4,4'-Dicyanodiphenyl Ether. 



Sodium nitrite (3.0 g., 0.0435 mole) was added slowly 
to 30 ml. of concentrated sulfuric acid, with stirring. 
The resulting solution was cooled to 25° C., and stirred 60 
while 5.48 g. (0.020 mole) of 3,3'-dinitrobenzidine was 
added slowly, with cooling to maintain a temperature of 
20°-25° C. After an hour of stirring a viscous brown 
solution was obtained, to which was slowly added 30 
ml. of glacial acetic acid, using an ice bath to keep the 65 
temperature at 25°-30° C. The resulting solution was 
poured onto 200 g. of crushed ice and a solution of 32 g. 
(0.8 mole) of sodium hydroxide in 50 ml. of water was 
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II 3,3'-diamino-4,4'dicyano- 

jl diphenyl ether 

CN 


One hundred fifty ml. of concentrated sulfuric acid 
was stirred while IS g. (0.22 mole) of sodium nitrite was 
added slowly. The mixture was then heated to 70° C. 
for a few minutes until clear. The solution was cooled 
and held at 20°-30° C. while adding 29 g. (0.1 mole) of 
3,3'-dinitro-4,4'-oxydianiline. The resulting dark solu- 
tion was stirred for one hour, after which 150 ml. of 
glacial acetic acid was added slowly, with stirring and 
cooling to keep the temperature at 25°-30° C. The re- 
sulting solution was poured onto 1000 g. of crushed ice, 
with stirring. A solution of 160 g. of sodium hydroxide 
in 250 ml. of water was added with stirring. Ice was 
added as needed to keep the temperature below 30° C. 
The resulting clear brown solution was added with 
stirring to the following solution: 
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sodium cyanide 
cuprous cyanide 
sodium hydroxide 
water 


29.5 g. (0.6 mole) 
22.4 g. (0.25 mole) 
160 g. (4 moles) 
800 ml., 


cooling as necessary to keep the temperature below 50° 
C. After the addition the mixture was held at 50°-60° C. 
for 0.5 hour and allowed to stand overnight at room 
temperature. It was filtered, and the solid material 
washed with water and dried at 100° C. in vacuum to 
give 41 g. of dark red powder. 

Three similar batches were combined and extracted 
four times with 2700 ml. portions of boiling xylene. The 
combined extract was evaporated to dryness in a stream 
of nitrogen to give 29.5 g. of solids. This material was 
dissolved in 1600 ml. of warm tetrahydrofuran. The 
solution was poured through a column of adsorption 
alumina, which was eluted with additional tetrahydro- 
furan. Successive fractions were collected and evapo- 
rated to dryness separately in a stream of nitrogen. 
Residues with similar melting points were combined to 
give 18.9 g. of 3,3'-dinitro-4,4'-dicyanodiphenyl ether, 
m.p. 202°-204° C., which was dissolved in 189 ml. of 
N,N-dimethylacetamide, and 0.1 g. of 10% Pd-on-C 
catalyst was added. The mixture was hydrogenated in a 
Parr shaker at 90° C. and 50 psi. The catalyst was fil- 
tered off and the filtrate poured into excess water. After 
standing several days in a refrigerator, the mixture was 
filtered. The solid product was washed with water and 
dried at 100° C. in a vacuum to give 6.48 g. of 3,3'- 
diamino-4,4'-dicyanodiphenyl ether, m.p. 156° C. 

EXAMPLE IV: Preparation of Hydroquinone 
bis(4-amino-3-cyanophenyl) ether. 

Hydroquinone bis(4-amino-3-cyanophenyl) ether was 
prepared as follows: 
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A solution of 5.51 g. (0.05 mole) of 1,4 benzenediol in 
100 ml. of water was stirred under nitrogen while a 
solution of 6.47 g. (0.10 mole) of potassium hydroxide 
(86.5%) in 20 ml. of water was added, followed by 200 
ml. of toluene. The mixture was refluxed with stirring, 
using a Dean-Stark trap, until the water was largely 
removed. Dimethylacetamide (200 ml.) was then added, 
and solvent was distilled off until the pot temperature 
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reached 150° C. The mixture was cooled to 50° C., and 
a solution of 18.26 g. (0.10 mole) of 5-chloro-2-nitro- 
benzonitrile (Aldrich Chemical Co.) in 50 ml. of di- 
j methylacetamide was added with stirring. The mixture 
was stirred for 90 minutes at room temperature, 2 hrs. at 
125° C., and 1 hr. at 155° C. After cooling to room 
temperature it was filtered. The filtrate was evaporated 
to dryness and the residue washed with 250 ml. of tetra- 
hydrofuran. The residual solid was dried in vacuum at 
100° C. to give 11.64 g. (58% yield) of hydroquinone 
bis(4-nitro-3-cyanophenyl) ether, m.p. 233° C. Anal: 
Calculated for C20H10N4O6: C, 59.71; H, 2.51; N, 13.92; 
15 O, 23.86. Found: C, 59.27, 59.42; H, 2.85, 2.75; N, 13.81, 
13.60; O, 24.18, 23.92. An additional 1.48 g. (7.4% yield) 
of product was recovered from the tetrahydrofuran 
washings. 

Reduction of this compound to hydroquinone bis-(4- 
amino-3-cyanophenyl) ether can be accomplished with 
stannous chloride, using a procedure similar to that of 
Example 1. 

25 EXAMPLE V: Preparation of N-(2’-cyano-4'-amino 
phenyl)-4-aminophthalimide. 


CN 



50 

Equimolar quantities of 4-nitrophthalic anhydride 
and 5-nitroanthranilonitrile (Aldrich Chemical Co.) can 
be heated in a solvent such as dimethylformamide, di- 
methylacetamide or dimethyl sulfoxide to give N-(2'- 
cyano-4'-nitrophenyl)-4-nitrophthalimide, which can be 
isolated and purified by recrystallization. An alternative 
method of synthesis for this intermediate is the reaction 
of 2-chloro-5-nitrobenzonitrile with the potassium salt 
60 of 4-nitrophthalimide, using one of the solvents listed 
above. 

Reduction of N-(2'-cyano-4'-nitrophenyl)-4-nitroph- 
thalimide to N-(2'-cyano-4'-aminophenyl)-4-aminoph- 
thalimide can be done with stannous chloride, using a 
procedure similar to that of Example 1, or by catalytic 
hydrogenation over a palladium, platinum, or nickel 
catalyst. 




EXAMPLE VII: Preparation of Polymer from BTDA 35 
and 3,3'-diamino-4,4'-dicyanodiphenyl Ether. 

0.50 g. (0.002 mole) of the product of Example III 
dissolved in 3.45 g. of N,N-dimethylacetamide 
(DMAC) was stirred while adding 0.65 g. (0.002 mole) 
of 3,4,3',4'-benzophenonetetracarboxylic dianhydride. ^ 
The mixture was wanned slightly to give a clear solu- 
tion. One gram samples of the solution were placed in 
three aluminum dishes, 2 " in diameter. The first was 
baked for 3 hrs. at 150° C. to give a clear amber film of 
polymer largely in the imide form. An additional one 45 
hour at 300° C. completed conversion to the imide and 
gave a hard resin. The second sample received the same 
cure plus 2 hours at 350° C. The third sample was cured 
the same as the second with an additional 2 hrs. at 400° 

C. Sample two was partially converted to polymer 50 
containing isoindoloquinazolinedione rings, and in sam- 
ple three the conversion was essentially complete to 
polymer containing isoindoloquinazolinedione rings, as 
shown by infrared spectroscopy. 

EXAMPLE VIII: Preparation of Polymer from 
2,4-diaminobenzonitrile and 
2,5-dicarbomethoxyterephthaloyl chloride. 

A solution of 1.3316 g. (0.01 mole) of 2,4-diaminoben- 
zonitrile prepared in accordance with Example 1 in 15 60 
ml. of dimethylacetamide was stirred while 3.1910 g. 
(0.01 mole) of 2,5-dicarbomethoxyterephthaloyl chlo- 
ride was added slowly. An exothermic reaction oc- 
curred with the formation of a viscous yellow solution 
containing a fine white precipitate. This solution was 65 
allowed to stand at room temperature for 2 hours and 
was then poured into rapidly stirred water. A white 
precipitate formed, was filtered off, washed with water. 



EXAMPLE IX: Preparation of Polymer from BTDA 
and 2,4-Diaminobenzonitrile. 

A mixture of 1.3316 g. (0.01 mole) of 2,4-diaminoben- 
zonitrile (Ex. 1), 3.222 g. (0.01 mole) of 3,4,3'4'-benzo- 
phenonetetracarboxylic dianhydride, and 15 ml. of N,N- 
dimethylacetamide was stirred at 40° C. for a few min- 
utes to give a clear amber solution. This solution was 
held at 100° C. for two hours and was then boiled gently 
for 90 minutes to give a clear amber solution of very 
high viscosity. Dilution to 35% solids gave a clear solu- 
tion of polymer which was partly in the amide-acid 
form and partly in the imide-nitrile form. Viscosity was 
Gardner T-U. A thin film of the solution in an alumi- 
num dish was baked for 3 hours at 160° C. and 2.5 hours 
at 200° C. to give a clear yellow continuous solid film of 
imidenitrile polymer. Additional baking at 250° C. and 
at 400° C. gave further cyclization and the formation of 
isoindoloquinazolinedione ring systems. 

EXAMPLE X: Preparation of Polymer from PMDA. 

The procedure of Example VII is repeated, using 
0.436 g. (0.002 mole) of pyromellitic dianhydride in 
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place of the 3,4,3'4'-benzophenonetetracarboxylic dian- 
hydride. In place of the product from Example III is 
substituted 0.684 g. (0.002 mole) of the product of Ex- 
ample IV, or 0.468 g. (0.002 mole) of the product of 
Example II. In each case an imide-nitrile polymer is 5 
produced, which cures on further heating to a polymer 
containing isoindoloquinazolinedione ring systems. 

EXAMPLE XI: Preparation of Polymer from 
Imide-Nitrile Diamines and Dianhydrides. jq 

A solution of 2.78 g. (0.01 mole) of the product of 
Example V in 50 ml. of N,N-dimethylacetamide is 
stirred while 3.22 g. (0.01 mole) of 3,4,3',4'-benzophen- 
onetetracarboxylic dianhydride is added slowly. A so- 
lution of polymer is obtained which can be cured by 15 
heat to an imide-nitrile polymer. Further heating causes 
further cyclization to a polymer containing both imide 
linkages and isoindoloquinazolinedione ring systems. 

Similar results are obtained in the preceding proce- 
dure when the product from Example V is replaced by 20 
4.48 g. (0.01 mole) of the product from Example VI, 
prepared from pyromellitic dianhydride. 

EXAMPLE XII: Preparation of Additional Polymers 

from Imide-Nitrile Diamines. 25 

A solution of 4.48 g. (0.01 mole) of the product of 
Example VI, prepared from pyromellitic dianhydride, 
in 50 ml. of N,N-dimethylacetamide is stirred while 
adding 3.19 g. (0.01 mole) of 2,5-dicarbomethoxy te- 
rephthaloyl chloride. After stirring for an hour at 50° 30 
C., 5 g. of propylene oxide is added to neutralize hydro- 
gen chloride. A polymer is obtained containing imide, 
nitrile, amide and ester groups. Curing at 300° C. gives 
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a polymer containing imide and nitrile groups. Further 
cure at 400° C. gives a polymer containing imide link- 
ages and isoindoloquinazolinedione ring systems. 

This procedure is repeated, substituting 2.03 g. (0.01 
mole) of isophthaloyl chloride for the 2,5-dicarbome- 
thoxy terephthaloyl chloride. In this case the initial 
polymer contains amide, imide, and nitrile groups. The 
fully cured polymer contains amide linkages and isoin- 
doloquinazolinedione ring systems. 

The procedure is repeated, substituting 2.11 g. (0.01 
mole) of trimellitoyl anhydride chloride for the 2,5- 
dicarbomethoxy terephthaloyl chloride. The initial pol- 
ymer contains imide, amide acid, nitrile and amide link- 
ages. Cure at 250°-300° C. for an hour gives a polymer 
containing imide, nitrile and amide groups. Further cure 
at 400° C. converts a portion of the imide and nitrile 
groups to isoindoloquinazolinedione ring systems. 

The procedure is repeated, substituting 2.50 g. (0.01 
mole) of 4,4'-diphenylmethanediisocyanate for the 2,5- 
dicarbomethoxy terephthaloyl chloride and eliminating 
the addition of propylene oxide. The polymer obtained 
contains imide, nitrile and urea linkages. Curing at tem- 
peratures above 300° C. gives a polymer containing 
other heterocyclic ring systems. 

While I have shown and described certain presently 
preferred embodiments and uses of my invention, it is to 
be distinctly understood that the invention is not limited 
thereto but may be otherwise variously embodied and 
used. 

I claim: 

1. 2,4 diaminobenzonitrile. 

» « * « * 
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